Background. The proportion of treatment success among patients with multidrug-resistant tuberculosis (MDR-TB) enrolled between 1992 and 1996 was 51.2%, and that among patients enrolled between 2000 and April 2007 was 61%. To address the challenge of MDR-TB, the Taiwan MDR-TB Consortium (TMTC) was established in May 2007. To assess the performance of the TMTC, we analyzed the data of patients enrolled in its first 5 years.
METHODS

Study Settings
The notification rate of all forms of TB in Taiwan was 72.5 per 100 000 population in 2005, which decreased to 45.7 per 100 000 population in 2015 (https://monitor.cdc.gov.tw/). The TMTC consists of 5 drug-resistant TB (DR-TB) management groups that provide services to the whole country. Each DR-TB management group had a lead hospital: Taipei Medical University-Wan Fang Hospital, Taipei; Tao-Yuan General Hospital, Department of Health, Tao-Yuan; Chang-Hua Hospital, Department of Health, Chang-Hua; Chest Hospital, Department of Health, Tainan; and Buddhist Tzu Chi General Hospital, Tzu Chi University, Hualien. Each management group was organized by a senior pulmonologist in charge who organized a management team of nurses and directly observed therapy (DOT) supporters and invited a few supportive hospitals to form a network of case management; the focal person at each supportive hospital in the network was a pulmonologist or an infectious disease specialist. Patients diagnosed with MDR-TB at any healthcare facility in Taiwan that was not part of the TMTC were strongly encouraged to be referred to the TMTC [5] .
The diagnosis and treatment service of TB was fully covered by the National Health Insurance program, which was supplemented by additional funding from the TCDC. Drug susceptibility testing (DST) of first-line anti-TB drugs was performed at quality-assured laboratories that participated in a proficiency testing program organized by the Reference Laboratory of Mycobacteriology of the TCDC [6, 7] . Notification of TB was mandatory by law and reinforced by administrative and financial measures [8, 9] . It is mandatory to send isolates of MDR-TB to the Reference Laboratory of Mycobacteriology of the TCDC to confirm the diagnosis of MDR-TB. DST of the second-line anti-TB drugs for all patients was performed at the Chest Hospital, Department of Health, Tainan or at the Reference Laboratory of Mycobacteriology using proportion method with 7H10 medium (Becton, Dickinson and Company, Sparks, Maryland) and the GenoType MTBDRsltest (Hain Lifescience GmbH, Nehren, Germany) [10] [11] [12] .
The anti-TB drugs used in the treatment of MDR-/XDR-TB, including rifabutin, kanamycin, capreomycin, amikacin, streptomycin, ofloxacin, levofloxacin, moxifloxacin, prothionamide, cycloserine, terizidone, para-aminosalicylic acid, linezolid, clofazimine, meropenem, and amoxicillin-clavulanate, were centrally procured by the TCDC and provided directly to the TMTC. The treatment was individualized by taking treatment history and results of DST into account. Patients were usually admitted at the initiation of the MDR-TB treatment for 1 month and discharged once they could tolerate the regimens. A case manager and a DOT provider were assigned to each patient in the TMTC to ensure that barriers in adherence to treatment were addressed effectively and in a timely manner.
A few mobile DOT teams (including a nurse on each team) were organized in each DR-TB management group for delivering community-based DOT consistently throughout the whole treatment course. Supportive face-to-face DOT was strictly provided for at least 5 days per week; a limited number of patients had DOT using video mobile phones. Psychosocial support was provided to address emotional stress and stigma. Financial support, including enablers and incentives totaling about US$200 (range, US$0-600) per month, was offered to avoid the financial hardship faced by MDR-TB patients and their families. Radiography, sputum examinations, and blood tests were conducted regularly at no cost to the patients. Adverse drug reactions identified during day-to-day contact of DOT supporters and patients were immediately reported to clinicians. Ancillary drugs for adverse drug reactions, surgeries, and hospitalizations were also provided at no cost to patients. An expert committee meeting of the TMTC was organized on a quarterly basis and every MDR-TB case with an unsatisfactory response to treatment was reviewed to assess the need for modification of regimens and the need for surgical intervention.
The operation of the TMTC was funded by the TCDC; case management costs were approximately US$25 000-$30 000 per patient per year, excluding the costs of drugs [5] .
Study Population
Our study population includes all MDR-TB patients who were referred to the TMTC between 1 May 2007 and 30 April 2012. However, patients treated in the health facilities that were not part of the TMTC may have been managed in a conventional manner that was less satisfactory; therefore, those who had been treated for 3 or more months for their current episode of MDR-TB before being referred to the TMTC were excluded from the analysis. Furthermore, patients who were <20 years old, patients treated with only first-line drugs, and patient with only extrapulmonary TB were also excluded.
The data collected included age, sex, body mass index, smear, cavitary lesions on the chest radiograph, alcohol use, comorbidity (diabetes, cancer, chronic liver disease, hepatitis B surface antigen positive, anti-hepatitis C antibody positive, hypertension, and cardiovascular disease), a history of treatment with anti-TB drugs, type of case registration, the results of first-line and second-line DST, anti-TB drugs used for the current episode of treatment, surgical intervention, and the outcome of treatment (cured, treatment completed, treatment failure, died, lost to follow-up). Because DST to ofloxacin, levofloxacin, moxifloxacin, and gatifloxacin was not available for all patients, those with resistance to any of these 4 fluoroquinolones (FQs) were classified as FQ-resistant MDR-TB; similarly, patients with any resistance to kanamycin, amikacin, or capreomycin were classified as second-line injectable (SLI)-resistant MDR-TB. MDR-TB patients with resistance to any FQ and any SLI were classified as XDR-TB.
Patients were usually treated with at least 4 anti-TB drugs, including an injectable agent and an FQ, following the recommendations of the WHO [13] . The treatment duration was 18-24 months, which accounted for the timing of sputum conversion. We assessed treatment outcomes at 30 months after the initiation of MDR-TB treatment to classify the patients as cured, treatment completed, treatment failed, died, or lost to follow-up using the international recommendations for outcome definitions [14] . Cured and treatment completed were further categorized as a treatment success.
Stata version 12 (Stata Corp LP, College Station, Texas) was used for statistical analyses. Categorical data were analyzed using the Pearson χ 2 test. The treatment outcome was dichotomized into successful (treatment success) and unfavorable (died, treatment failed, and lost to follow-up). Logistic regression models were constructed to assess the factors associated with success, death, treatment failure, and loss to follow-up. We used the logistic command in Stata to fit the maximum-likelihood logit models. Variables significantly associated with outcome on univariate analysis by χ 2 test
were entered into a multivariate model; P < .05 was applied as threshold value of backward elimination and a final fitted model was determined by using the likelihood ratio test. The final models were checked by using the goodness-of-fit test to assess the model fit. A P value <.05 was considered statistically significant.
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RESULTS
Between 1 May 2007 and 30
April 2012, a total of 864 MDR-TB patients were managed by the TMTC and accounted for more than 80% of the MDR-TB patients diagnosed during that period in Taiwan. Of the 864 MDR-TB patients, 692 adult patients were included in this study and 172 were excluded: 142 of those patients were excluded because they had been treated with second-line anti-TB drugs for ≥3 months before being referred to the TMTC; 4 patients were excluded because they were only treated with first-line anti-TB drugs but not second-line drugs; 1 patient with extrapulmonary TB was excluded because there was no pulmonary involvement; and 25 patients were excluded because they were <20 years old ( Figure 1 ). Table 1 shows the treatment outcomes of 692 patients included in this study. Of the 692 patients, 6 patients left Taiwan after the initiation of treatment of MDR-TB; 2 were successfully treated at other countries and 4 were not accessible (classified as Six patients left Taiwan after initiation of treatment: 2 were successfully treated at other countries and 4 were not accessible (classified as lost to follow-up).
lost to follow-up). These 6 patients were not included in further analysis as detailed information of these patients was lacking.
Of the 686 patients included in detailed analysis, their mean age was 52.9 (interquartile range, 41-91) years; 351 (51.2%) were new patients, 189 (27.6%) relapse, 17 (2.5%) treatment after loss to follow-up, and 129 (18.8%) treatment after failure; 354 (51.6%) were smear negative at the initiation of MDR-TB treatment; 236 (34.4%) had diabetes mellitus and 97 (14.1%) had liver disease ( Table 2) .
The total number and proportion of patients with the results of DST and the total number and proportion of patients with strains that were resistant to each drug among those who had test results are shown in Table 3 . Among 680 patients with results of susceptibility testing of both FQs and SLIs, 520 (76.5%) had MDR-TB without additional resistance to FQs and/ or SLIs (MDR-TB sensu stricto), 106 (15.6%) had FQ-resistant MDR-TB, 39 (5.7%) had SLI-resistant MDR-TB, and 15 (2.2%) had XDR-TB.
Regarding drugs ever used, 599 (87.3%) were treated with moxifloxacin, 151 (22.0%) were treated with levofloxacin, 489 (71.3%) were treated with kanamycin, 45 (6.6%) were treated with capreomycin, 193 (28.1%) were treated with streptomycin, 631 (92.0%) were treated with prothionamide, 555 (80.9%) were treated with cycloserine, 52 (7.6%) were treated with terizidone, 428 (62.4%) were treated with para-aminosalicylic acid, 542 (79.0%) were treated with pyrazinamide, 189 (27.6%) were treated with isoniazid, 491 (71.6%) were treated with ethambutol, 47 (6.9%) were treated with rifabutin, 61 (8.9%) were treated with clofazimine, 28 (4.1%) were treated with amoxicillin/clavulanate, 23 (3.4%) were treated with clarithromycin, 8 (1.2%) were treated with linezolid, and 1 (0.2%) was treated with imipenem. Thirty-three (4.8%) received surgical intervention. The association between characteristics of the patients and the outcomes of treatment are shown in Table 4 and that between drug resistance and the outcome of treatment in Table 5 . The proportion of patients with treatment success was 84.2% in patients with MDR-TB sensu stricto, 80.2% in FQ-resistant MDR-TB patients, 79.5% in SLI-resistant MDR-TB patients, and 53.3% in XDR-TB patients (P < .01).
Patients with pre-XDR and XDR-TB were significantly more likely to have surgical intervention compared with MDR-TB patients (11.9% vs 2.7%; P < .01; Supplementary Table 1) . Surgical intervention was not significantly associated with the outcome (P = .99). (Table 7) .
Resistance to FQ was significantly associated with treatment failure (P < .01). In a multivariate analysis adjusted for age and sex, patients who were infected with strains that were resistant to FQs (aOR, 10.77 [95% CI, 3.93-29.55]) were significantly more likely to fail treatment than those who were not resistant to FQs (Supplementary Table 2 ).
Retreatment cases were significantly more likely to be lost to follow-up compared with new cases (3.9% vs 0.9%; aOR, 4.68 [95% CI, 1.32-16.59]); the proportion of patients who were lost to follow-up was particularly high among patients who received treatment after loss to follow-up (11.8%; Supplementary Table 3) . 
DISCUSSION
Our assessment revealed that the TMTC, which operates under a strong collaboration between the public health authority and clinical teams, has been a highly effective model of care in the management of MDR-TB. The proportion of MDR-TB patients with treatment success was 82.8%, which was much higher than that of earlier cohorts of MDR-TB patients in Taiwan [2, 3] . The most striking finding is the drastic reduction of loss to follow-up. The proportion of patients who were lost to follow-up in an earlier cohort in Taiwan was 29% [2] , which was reduced to 2.9% under the care of the TMTC. The proportion of MDR-TB patients who were lost to follow-up was relatively high in several settings [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] : 38% in the Philippines [16] , 21% in South Africa [17] , 20% in Russia [18] , 20% in Peru [20] , 17% in Norway [21] , and 13% in Vietnam [22] . A study from the Philippines reported that adverse drug reactions and use of alcohol are significantly associated with loss to follow-up; assistance from the TB program provided to patients, patients' knowledge of TB, trust in health care workers, and support from physicians and nurses are factors protective against loss to follow-up [16] . Our study found that the TMTC has been able to tackle most of the barriers in adherence to treatment.
A substantial proportion of our patients died, which was mainly due to aging and comorbidities. Among patients who were ≥65 years old, 29% died during treatment. A better strategy to address comorbidities will be important in reducing the mortality of MDR-TB patients in Taiwan. The association between resistance to FQ and treatment failure has been previously reported [29] . These patients may benefit from the use of new drugs such as bedaquiline [30] and delamanid [31] . These new drugs have been recently procured by TCDC to be used, together with repurposed drugs (such as clofazimine, linezolid, and meropenem), in the management of difficult MDR-TB cases in TMTC. The proportion of XDR-TB patients with treatment success was relatively low in our cohort, which was mainly due to a high proportion of death that was confounded by age, as demonstrated in the multivariate analysis. Surgical intervention was not associated with a better outcome, likely because difficult cases (pre-XDR and XDR-TB) were more likely to have a surgical intervention in our study.
Our study has several strengths. This is a population-based study that covers >80% of MDR-TB cases detected in Taiwan during the study period. Hence, the findings of this study are highly representative. The sample size was relatively large, which enabled us to analyze relevant covariates that were potentially associated with the outcome of treatment. We identified factors associated with treatment failure, death, and loss to follow-up, all of which will be helpful in developing specific interventions to further improve the outcomes of patients with MDR-TB. The weakness of the study is that the DST results of second-line drugs of some patients in the early stage of TMTC were not available. This has been changed; current practice is that all MDR-TB patients should have DST of second-line drugs.
Some of the elements used in our program have been introduced by other groups. Mitnick et al reported that community-based DOT of individualized regimens and careful management of adverse drug effects has achieved a high cure rate [32] . A systemic review and meta-analysis reported that DOT was not associated with better treatment outcomes of TB as compared with self-administration of treatment [33] . Our experience shows that supportive DOT is crucial. The TMTC was led by senior clinicians who had substantial experience in TB control and clinical management of MDR-TB, thus ensuring that the regimens used were consistent with international recommendations and adverse reactions were managed in a timely and effective manner. A unique aspect of TMTC is that the operation of the TMTC was mainly funded by the government. Using the sufficient financial resources provided to the TMTC, outreach teams were organized to provide patient-centered care and supportive DOT was provided at the location (in the community or at the home) that was most convenient to the patients. Additionally, financial hardship and psychosocial problems of patients during the whole treatment course were addressed and managed effectively. Our experience supports a previous report that monetary incentives may help enhance adherence to treatment of MDR-TB patients [34] . The preliminary results of the "Evaluation of a standardized treatment regimen of anti-tuberculosis drugs for patients with multidrug-resistant tuberculosis" (STREAM) clinical trial reported that the control regimen performed better than expected in selected population under trial condition [35] . Our study clearly demonstrated that when a program is strongly supported by political commitment and has sufficient financial resources, it is feasible to achieve a very low proportion of loss to follow-up and a high proportion of treatment success among patients with MDR-TB under program condition. The findings of our study should encourage health authorities in other countries to invest in the fight against MDR-TB.
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